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(54) Charged-partide-beam exposure apparatus 



(57) Apparatus and methods are disclosed for 
increasing the throughput of a charged-particle-beam 
exposure apparatus while maintaining alignment and 
exposure accuracy. The apparatus comprises a main 
chamber where exposure of sensitive substrates is per- 
formed using a charged-particle beam. At least one 
transport system moves and prepares the sensitive 
substrates for exposure in the main chamber. The trans- 
port system comprises at least one chamber. An evacu- 
ation device and a venting device are used to vary the 
pressure in the chambers as required. At least one 
switching valve is situated between the main chamber 
and a chamber in the transport system to isolate these 
chambers from one another. A flexible conduit connects 
the main chamber to the transport system. The appara- 
tus and methods have especial utility for the processing 
of sub-micron level semiconductors. 
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Description 

Field of the Inventi n 

This invention pertains to charged-particle-beam 5 
exposure apparatus used in lithography for the produc- 
tion of the semiconductors including integrated circuits. 

Background of the Invention 

10 

Charged-particle beams such as electron beams or 
ion beams have recently been considered tor use in 
lithography exposure processes for producing of sub- 
micron level semiconductor integrated circuits. FIG. 14 
is a schematic diagram of a conventional charged -parti- is 
cle-beam (CPB) exposure apparatus. The CPB expo- 
sure apparatus of FIG. 14 includes a main chamber 1 
where exposures take place, and a transport system W 
that moves exposure substrates (wafers) into and out of 
the main chamber 1 . 20 

The transport system W typically comprises several 
chambers. Upstream of the main chamber 1 is a prepa- 
ration chamber 4 where the wafers are held prior to 
exposure. In an atmospheric chamber 6, the interior of 
which is kept constantly at atmospheric pressure, sev- 25 
era! wafers 9 are loaded into a tamer cassette 10. 
Between the preparation chamber 4 and the atmos- 
pheric chamber 6 is a leak chamber 5 that is evacuated 
and vented back to atmospheric pressure whenever the 
wafers 9 are transported between the atmospheric 30 
chamber 6 and the preparation chamber 4. 

"Switching valves" 7 and 8 (preferably gate valves) 
are situated between the chambers of the transport sys- 
tem W. The switching valve 7 connects the preparation 
chamber 4 and the leak chamber 5 and the switching 35 
vafve 8 connects the leak chamber 5 and the atmos- 
pheric chamber 6. The main chamber 1 and the prepa- 
ration chamber 4 are connected by a conduit 1 1 . The 
chambers 1, 4, 5, and 6 are mounted on a single vibra- 
tion-isolation member 21 . 40 

The main chamber 1 is equipped with an exposure 
stage 12 upon which individual wafers 9 are placed dur- 
ing exposure. Additionally mounted to the main cham- 
ber is a column 1a, containing the CPB source or 
electron optical system (not shown). The preparation 45 
chamber 4 and the leak chamber 5 have wafer holders 
13 and 14 respectively. Each of the chambers 1 , 4, 5 is 
equipped with a respective vacuum pump 15, 16, 17. 
The vacuum pump 17 is connected to the leak valve 5 
by a valve 1 8. Also connected to the leak chamber 5 are so 
a venting mechanism 19 and a leak valve 20. Wafer 
conveyors operable to move wafers between the cham- 
bers have been omitted for clarity. 

Exposures made within the main chamber 1 are 
performed at a vacuum (e.g., 10~ 6 Torr). To such end, 55 
multiple steps are executed to transport the wafers 9 
individually from atmospheric pressure in the atmos- 
pheric chamber 6 to the vacuum environment in the 



main chamber 1 . After exposure, each wafer is moved 
from the main chamber 1 back to atmospheric pressure 
in the atmospheric chamber 6, whereupon the wafers 
are removed. Since these steps are repeated continu- 
ally, a reference starting point is used below to describe 
the process. At the reference starting point the leak 
chamber 5 interior is at atmospheric pressure, and the 
switching valves 7 and 8 are in a closed position. The 
sequence of steps then includes: 

(1) The main chamber 1 and the preparation cham- 
ber 4 are evacuated to a specific vacuum level (e.g., 
l0" 6 Torr). 

(2) Wafers 9 are loaded into the carrier cassette 10 
and placed in the atmospheric chamber 6. 

(3) The switching valve 8 is opened and a conveyor 
(not shown) removes a wafer from the carrier cas- 
sette 10 and places the wafer 9 on the wafer holder 
14 of the leak chamber 5. The switching valve 8 is 
closed and the vacuum pump 17 evacuates the 
leak chamber 5 to a specified vacuum level (e.g., 
10" 5 Torr). 

(4) After the leak chamber 5 has reached the spec- 
ified vacuum level (as referenced in step (1)), the 
switching valve 7 is opened and the wafer 9 on the 
wafer holder 14 is transported to the wafer holder 
13 of the preparation chamber 4, whereupon the 
switching valve 7 is closed. 

(5) The wafer 9 in the preparation chamber 4 is 
transported into the main chamber 1 where the 
wafer is placed on the exposure stage 12 for expo- 
sure following an alignment to a specific setting. 

(6) After the exposure of the wafer is complete, the 
exposed wafer 9 is transported back to the prepara- 
tion chamber 4, whereupon the switching valve 7 is 
opened and the wafer 9 is transported back into the 
leak chamber 5. 

(7) The switching valve 7 is then closed, and the 
leak valve 20 is opened, allowing the leak chamber 
5 to return to atmospheric pressure. The switching 
valve 8 is then opened and the wafer 9 is returned 
to the carrier cassette 10 in the atmospheric cham- 
ber 6. 

The foregoing series of steps is carried out sequen- 
tially on individual wafers 9 in the carrier cassette 10. 

Because extremely minute measurements and 
operations are carried out during the exposure in the 
main chamber 1 , the entire exposure apparatus of FIG 
.14 is mounted on a vibration-isolation member 21 that 
isolates the exposure apparatus from vibrations arising 
from a "machine bed" G on which the platform 21 rests, 
that could adversely affect the exposure accuracy. (As 
used herein, a "machine bed" encompasses floor, plat- 
forms, bases, and analogous rigid structures on which 
process machinery is normally mounted for support). 

Although transmission of vibration arising from the 
machine bed G is reduced by the vibration-attenuating 
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features of the vibration-isolation member 21, a signifi- 
cant level of vibration can be adversely transmitted to 
the main chamber 1 whenever the vacuum pump 17 is 
used to evacuate the leak chamber 5, and/or whenever 
the switching valves 7, 8 are opened or closed. This 
vibration can be transmitted to the main chamber 1 via 
the conduit 1 1 and/or via the vibration-isolation member 
21 . For this reason, it has been standard practice not to 
permit any of the foregoing steps to occur at any time 
during which the wafer in the main chamber 1 is being 
aligned, exposed, or positioned for exposure. Thus, 
while alignment and exposure processing are occurring 
in the main chamber 1 , other wafers 9 cannot be trans- 
ported within or between the other chambers, and the 
leak chamber 5 cannot be evacuated. Because of such 
constraints, the conventional apparatus of FIG. 14 has a 
low throughput. 

The conventional apparatus of FIG. 14 also exhibits 
a wall-surface distortion in the leak chamber 5 due to 
the different levels of internal and external pressure 
applied to the chamber walls each time the leak cham- 
ber 5 is evacuated or vented back to atmospheric pres- 
sure. This wall -surface distortion can be transmitted 
through the switching valve 7, the preparation chamber 
4, and the conduit 1 1 to adversely effect the accuracy of 
the alignment and exposures carried out in the main 
chamber 1 . 

Summary of the Invention 

In view of the foregoing shortcomings of the con- 
ventional apparatus, an object of this invention is to pro- 
vide a charged-particle-beam (CPB) exposure 
apparatus exhibiting higher throughput without reducing 
the accuracy of the alignment or exposure. The inven- 
tion is exemplified by several apparatus embodiments 
that accomplish this object by effectively isolating the 
main chamber from vibrations caused by processing 
activities occurring in adjacent chamber(s) of one or 
more transport systems. Thus, alignment, exposure, 
and transport operations can occur simultaneously with- 
out adverse effect on the accuracy of the alignments 
and exposures, thereby increasing throughput. 

According to one aspect of the invention, a CPB 
exposure apparatus is provided that comprises a main 
chamber where alignment and exposure of sensitive 
substrates (e.g., wafers) are performed using a 
charged-particle beam. The apparatus comprises a first 
transport system for moving the sensitive substrates 
into and out of the main chamber. The transport system 
comprises a first chamber, an evacuation device that 
creates a specified vacuum level in the main chamber 
and in the first chamber, and a venting device for venting 
the pressure in the first chamber to atmospheric pres- 
sure. The apparatus also comprises a first switching 
valve located between the main chamber and the first 
chamber. The apparatus further comprises a "flexible 
conduit" connecting the main chamber to the first cham- 



ber. "Flexible" as used herein means that the subject 
conduit inhibits an attenuation of vibration transmitted 
though the conduit from one end to the other. 

The main chamber and the transport system are 

s preferably mounted on separate vibration-isolation 
members. A "vibration-isolation member" as used 
herein encompasses a surface, frame, platform, plate, 
chassis, or analogous structure that provides a mount- 
ing body for devices attached thereupon, and exhibits 

io vibration-damping characteristics for the purpose of 
attenuating vibrations transmitted from a machine bed 
or other source to device(s) mounted upon the vibra- 
tion-isolation member. 

The first chamber of the transport system can be a 

15 leak chamber, and the transport system can further 
comprise a preparation chamber between the leak 
chamber and the main chamber, and an atmospheric 
chamber upstream of the leak chamber. The atmos- 
pheric and leak chambers, and the leak and preparation 

20 chambers are preferably separated from each other by 
switching valves. The switching valves provide an air- 
tight seal when closed, effectively isolating the cham- 
bers of the transport system from one another. When 
open, each switching valve allows transport of a sensi- 

25 tive substrate through the valve from chamber to cham- 
ber. 

The evacuation device can comprise a first vacuum 
pump for evacuating the main chamber and the prepa- 
ration chamber, and a second vacuum pump for evacu- 

30 ating the leak and preparation chambers. A leak valve 
can be used to return selected chambers to atmos- 
pheric pressure as required. The flexible conduit (as 
summarized above), preferably including a damping 
device, is used to connect the main chamber to the 

35 preparation chamber (if present). 

A CPB exposure apparatus according to the inven- 
tion can additionally comprise a second transport sys- 
tem, preferably identical to the first transport system. 
The chambers and valves of the first and second trans- 

40 port systems are preferably symmetrically placed about 
and connected to the main chamber. Thus, processing 
activities in each transport system can occur simultane- 
ously; e.g., evacuation of the preparation chambers, 
venting of the leak chambers, opening and closing the 

45 switching valves, etc. This creates a vibration-canceling 
effect: vibrations created by the evacuation, venting, 
and transport activities occurring simultaneously in the 
first and second transport systems are canceled out. To 
accomplish such simultaneous operation, switching of 

so valves in the first and second transport systems is pref- 
erably sequenced by a controller. 

The chambers of a single transport system can be 
mounted to modules individually affixed to a machine 
bed, with the main chamber mounted on a separate 

55 vibration-isolation member. 

A mass can be affixed to or contact the flexible con- 
duit connecting the main chamber to the transport sys- 
tem. The mass is sufficient to dampen any vibration of 
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the flexible conduit and is preferably separately affixed 
or mounted to the machine bed. 

Exposures of wafers in the main chamber can he 
made by moving a mask relative to the wafer during 
periods of continuous motion, separated by periods of 
no motion. A controller can be used to regulate the 
action of the switching valves so that valve switching 
only occurs during periods of no motion. 

The foregoing and additional features and advan- 
tages of the invention will be more readily apparent from 
the following detailed description, which proceeds with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram showing a first exam- 
ple embodiment of a charged -particle-beam (CPB) 
exposure apparatus according to the invention. 

FIG. 2 is a process flow diagram showing a repre- 
sentative exposure procedure performed using the 
FIG.-1 embodiment. 

FIGS. 3(a) -3(d) are plan views of the FIG.-1 
embodiment performing certain respective steps of the 
process shown in FIG. 2. 

FIG. 4 is a process flow diagram showing a repre- 
sentative exposure procedure performed using a con- 
ventional exposure apparatus. 

FIG. 5 is a schematic diagram showing an alterna- 
tive configuration of the first example embodiment. 

FIG. 6 is a schematic diagram showing a second 
example embodiment of a CPB exposure apparatus 
according to the invention. 

FIG. 7 is a flow process diagram showing a repre- 
sentative exposure sequence performed using the FIG.- 
6 embodiment. 

FIGS. 8(a)-8(c) are plan views of the FIG.-6 embod- 
iment performing certain representative steps of the 
pass shown in FIG. 7. 

FIG. 9 is a plan view of an alternative configuration 
of the second example embodiment. 

FIG. 10 is a schematic diagram showing a third 
example embodiment of a CPB exposure apparatus 
according to the invention. 

FIG. 11 is a schematic diagram showing a fourth 
example embodiment of a CPB exposure apparatus 
according to the indention. 

FIG. 12 is a schematic elevational diagram showing 
a representative configuration of components inside of 
the FIG.-11 embodiment 

FIG. 13 shows the relationship between the mask 
50 and the wafer 9 of the apparatus of FIG. 12. 

FIG 14 is a schematic diagram showing a conven- 
tional CPB exposure apparatus. 

DETAILED DESCRIPTION 

This invention is described below in connection with 
multiple example embodiments which represent the 



current best mode of the invention. 
Example Embodiment 1 

5 A charged-particle-beam (CPB) expose apparatus 

according to this example embodiment is shown in FIG. 
1. The FIG.-1 embodiment comprises certain compo- 
nents that are similar to those shown in FIG. 14. Such 
components have the same reference designators as 
10 corresponding components shown in FIG. 14. 

In FIG. 1 the mam chamber 1 is mounted on a first 
vibration-isolation member 22, and all components of 
the transport system W (including the preparation 
chamber 4, the leak chamber 5, and the atmospheric 
is chamber 7) are mounted on a second vibration-isolation 
member 23. The main chamber 1 and the preparation 
chamber 4 are connected to each other by a flexible 
conduit 2 (preferably a bellows or analogous compo- 
nent). The flexible conduit 2 is preferably equipped with 
20 a damper 3 (preferably an elastomeric sheath enclosing 
the flexible conduit 2). 

The flexible conduit 2 replaces the fixed conduit 11 
used in the conventional apparatus (FIG. 14) to connect 
the main chamber 1 with the preparation chamber 4. 
25 The flexible conduit 2 reduces vibration conveyed to the 
main chamber 1 from the preparation chamber 4 (espe- 
cially vibration arising from the opening and closing 
motion of the switching valves 7 and 8 and/or from oper- 
ation of the vacuum pump 16 and 17). By additionally 
30 employing the damper 3, this vibration can be attenu- 
ated even more effectively. 

To minimize transmission of vibration from the 
transport system W to the main chamber 1 , the main 
chamber 1 in this embodiment is mounted on the first 
35 vibration-isolation member 22, which is separate from 
the second vibration-isolation member 23 upon which 
the transport system W is mounted. Such separate 
mounting of the main chamber from the transport sys- 
tem W, and the use of the flexible conduit 2 (preferably 
40 with damper 3) attenuates transmission of vibration to 
the main chamber 1 such that alignment and exposure 
accuracy are not adversely affected. This allows trans- 
port operations to be performed during alignment and 
exposure operations, thereby increasing throughput. 
45 FIG. 2 shows a representative exposure procedure 
performed using the FIG.-1 embodiment FIGS. 3(a)- 
3(d) are plan views of the FIG.-1 embodiment used to 
illustrate certain steps of the process shown in FIG. 2. 
For clarity FIGS. 3(a)-3(d) show the processing of only 
so four wafers 9a-9d; the FIG.-1 embodiment can process 
more than four wafers at a time. 

As shown in FIG. 3(a), the wafer 9b is transported 
into the preparation chamber 4 while wafers 9c and 9d 
are held in a carrier cassette 10 (see FIG. 1 ; not shown 
55 in FIG. 3(a)) in the atmospheric chamber 6. Since 
processing is continuous, a starting point will be 
selected to better describe the process. At this starting 
point exposure of wafer 9a in the main chamber 1 is 
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complete. In FIGS. 3(a)-3(d), the absence or presence 
of an "x* inside the switching valves 7 and 8 indicates 
whether they are open or closed, respectively. In the 
step shown in FIG. 3(a). the switching valve 8 is closed, 
the switching valve 7 is open, and the chambers 1 , 4 
and 5 have been evacuated, while the chamber 6 is at 
atmospheric pressure. 

In step B1 in FIG. 2, exposure of the wafer 9a has 
been completed and the wafer 9a is being transported 
into the preparation chamber 4, while the wafer 9b is 
being transported from the preparation chamber 4 into 
the main chamber 1 as indicated by the dashed arrows 
in FIG. 3(a). In step B2, the wafer 9b is being aligned 
and exposed in the main chamber 1 . 

In this example embodiment, steps B3 through B5, 
described below, are executed at the same time as the 
step B2. In step B3 (see FIG. 3(b)), after the wafer 9a 
has been transported from the preparation chamber 4 
into the leak chamber 5, the switching valve 7 is closed 
and the leak chamber 5 is vented, thus returning the 
leak chamber 5 to atmospheric pressure. In step B4 
(see FIG. 3(c)), the switching valve 8 is opened and the 
wafer 9a is transported from the leak chamber 5 into the 
atmospheric chamber 6 and the wafer 9c is transported 
from the atmospheric chamber 6 into the leak chamber 
5. In step B5 (see FIG. 3(d)). the switching valve 8 is 
closed and. after the leak chamber 5 has been evacu- 
ated to a predetermined vacuum level by the vacuum 
pump 17 (see FIG. 1), the switching valve 7 is opened 
and the wafer 9c is transported from the leak chamber 5 
into the preparation chamber 4. 

In the net step CI, the wafers in the preparation 
chamber 4 and the main chamber 1 are exchanged, 
with the wafer 9c being transported into the main cham- 
ber 1 and the wafer 9b being transported into the prep- 
aration chamber 4, respectively. This is similar to step 
B1 . Thereafter, the steps B2 to B5 are executed in the 
same fashion on the wafer 9b. The same steps are 
repeated for wafers 9c and 9d and subsequent wafers. 
In sum, this embodiment provides for continuous 
stepped processing, with unprocessed wafers being 
added to the atmospheric chamber 6 as processed 
wafers are being removed from this chamber upon com- 
pletion of processing. 

For comparison, FIG. 4 shows a representative 
exposure process sequence performed using the con- 
ventional CPB exposure apparatus shown in FIG. 14. 
The steps shown in FIG. 4 are identical to the steps 
shown in FIG. 2 and discussed above. However, in a 
conventional exposure apparatus, exposure steps can- 
not be executed simultaneously with other steps. This is 
illustrated in FIG. 4, in which the steps B1 through B5 
are executed in a series fashion. 

The vibration-reduction techniques employed in this 
example embodiment reduce the vibration transmitted 
from the transport system W to the main chamber 1 suf- 
ficiently to allow step B2 and steps B3 - B5 to be exe- 
cuted simultaneously, thereby improving the overall 
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throughput of the system without degrading alignment 
or exposure accuracy. 

The FIG.-1 embodiment includes no switching 
valve between the main chamber 1 and the preparation 

5 chamber 4. However, the preparation chamber 4 can be 
deleted as shown in the alternative configuration of FIG. 
5. In the FIG.-5 configuration, the main chamber 1 is 
connected via the flexible conduit 2 to the leak chamber 
5, and the switching valve 7 is preferably situated 

io between the flexible conduit 2 and the leak chamber 5. 
Thus, the flexible conduit 2 attenuates vibration that 
would otherwise be transmitted to the main chamber 1 
during actuation of the switching valve 7. 

is Example Embodiment 2 

FIG. 6 depicts a CPB exposure apparatus accord- 
ing to this example embodiment. In FIG. 6, components 
that are similar to corresponding components shown in 

20 FIG. 1 have the same reference designators and are not 
described further. 

The FIG. -6 embodiment comprises two transport 
systems, WA and WB, in contrast to the single transport 
system employed in the first example embodiment. In 

25 FIG. 6, the transport system WA is used to transfer 
wafers into the main chamber 1 for exposure. The trans- 
port system WA comprises a preparation chamber 4A, a 
leak chamber 5A, an atmospheric chamber 6B, and a 
vibration-isolation member 23A. The transport system 

30 WB is symmetrical to the transport system WA, and is 
used to transport exposed wafers from the main cham- 
ber 1 . The transport system WB comprises a prepara- 
tion chamber 4B, a leak chamber 5B, an atmospheric 
chamber 6B, and a vibration- isolation member 23B. 

35 Each of these components has the same functions as 
the corresponding components (the preparation cham- 
ber 4, the leak chamber 5, the atmospheric chamber 6, 
and the vibration-isolation member 23) of the flat exam- 
ple embodiment. Similarly, the functions of the switching 

40 valves 7A, 7B, 8A, 8B, 18, and 20 are analogous to the 
respective functions of the switching valves 7, 8, 1 8, and 
20 of the first example embodiment. In the FIG.-6 
embodiment, the switching action of valves 7A through 
8B, 18, and 20 are controlled by a controller 24. 

45 The exposure procedure for the second example 
embodiment is discussed below with reference to FIGS. 
7 and 8(a)-8(c). FIG. 7 shows a process that is similar in 
certain aspects to that shown in FIG. 2. FIGS. 8(a)-8(c) 
is a plan view of the exposure apparatus of example 

50 embodiment 2, illustrating wafer movements and valve 
positions corresponding to certain steps illustrated in 
FIG. 7. In FIGS. 8(a)-8(c), the transport systems WA 
and WB are placed symmetrically with respect to the 
main chamber 1 in a shape. 

55 As with the first example embodiment, the process 
sequence for the second example embodiment will be 
described beginning with the completion of the expo- 
sure of the wafer 9a, as illustrated by FIG. 8(a). During 
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this initial step the switching valves 8A and 8B are open, 
the switching valves 7 A and 7B are closed, the cham- 
bers 1 , 4A, and 4b are evacuated, and the chambers 
5A, 5B, 6A and 6B are at atmospheric pressure. 

As indicated by the dashed arrows in FIG. 8(a), the 
exposed wafer 9a is being transported into the prepara- 
tion chamber 4B while the wafer 9b in the preparation 
chamber 4A is being simultaneously transported into 
the main chamber 1. In the step D2 (see FIG. 7), the 
wafer 9b is exposed in the main chamber 1. 

Steps D3 through D6 are executed simultaneously 
with step D2. FIG 8(b) shows steps D3 and D4. In step 
D3, the switching valve 8 A is closed and, after the leak 
chamber 5A has been evacuated, the switching valve 
7A is opened and the wafer 9c is transported into the 
preparation chamber 4A. In step D4, executed simulta- 
neously with step D3 t the switching valve 8B is closed 
and, after the leak chamber 5B has been evacuated, the 
switching valve 7B is opened and the wafer 9a is trans- 
ported from the preparation chamber 4B into the leak 
chamber 5B. 

FIG. 8(c) depicts steps D5 and D6. In step D5, after 
closing the switching valve 7A, the leak chamber 5A is 
vented back to atmospheric pressure, the switching 
valve 8A is opened, and the wafer 9d in the atmospheric 
chamber 6A is transported into the leak chamber 5A. In 
step 6D, which is executed simultaneously with step D5, 
after closing the switching valve 7B, the leak chamber 
5B is vented back to atmospheric pressure, the switch- 
ing valve 8B is opened, and the wafer 9a is transported 
into the atmospheric chamber 6B. During the subse- 
quent step E1, the wafers 9b and 9c are exchanged, 
with wafer 9b being transported into the preparation 
chamber 4B and the wafer 9c being transported into the 
main chamber 1 (this is equivalent to step D1 except 
that now different wafers are being used). Thereafter, 
the same sequence of processing steps as is described 
above in steps D2 through D6 are executed on wafer 9b, 
and subsequently on additional wafers in sequence, 
thereby providing a continuous stepped process. 

In FIGS. 8(a)-8(c), the positions of the preparation 
chamber 4A of the transport system WA and the prepa- 
ration chamber 4B of the transport system WB are bilat- 
erally symmetrical with respect to the main chamber 1 . 
This arrangement is not limiting; FIG. 9 depicts an alter- 
native configuration in which the preparation chambers 
4A and 4B could be placed at 90-degree angles to the 
main chamber 1 . Other alternative configurations may 
also be used, depending on the device layout require- 
ments, so long as the exposure procedure is the same 
as for the procedure shown in FIGS. 7 and 8(a)-8(c). 

In this exarrple embodiment, the evacuation in 
steps D3 and D4 is performed simultaneously as 
described above, and the opening and closing of the 
valves 17A, 17B, 18A. 18B, and 20 is controlled by the 
controller 24 so that the leak-chamber operation in 
steps D5 and D6 will occur simultaneously. In this exam- 
ple embodiment, as in the f irst example embodiment, 



the transportation steps (steps D3 through D6) occur 
simultaneously with alignment and exposure (step D2), 
thereby improving throughput. 

This example embodiment also provides additional 

5 benefits due to the arrangement of the chambers and 
timing of the valve sequencing. As shown in FIG. 8. the 
leak chambers 5A and 5B are preferably placed sym- 
metrically with respect to the main chamber 1 . By simul- 
taneously performing evacuation and venting of these 

w chambers, any wall-surface distortion effects on the 
main chamber are canceled out, greatly attenuating any 
adverse effect on alignment and exposure. 

Example Embodiment 3 

15 

A CPB exposure apparatus according to this exam- 
ple embodiment is depicted in FIG. 10. In FIG. 10, com- 
ponents similar to corresponding components shown in 
FIG. 1 have the same reference designators and are not 

20 described further. In this example embodiment the 
preparation chamber 4, the leak chamber 5, and the 
atmospheric chamber 6 are mounted to the machine 
bed G by respective f ixed modules 4c, 5c, and 6c. The 
main chamber 1 is mounted on a separate vibration-iso- 

25 lation member 22 that reduces transmission of vibra- 
tions from the machine bed G to the main chamber. 

The flexible conduit 2 connecting the main chamber 
1 with the preparation chamber 4 passes through or is 
attached to a mass 30 that anchors the flexible coupling 

30 2 to the machine bed G and attenuates any vibration 
transmitted from the transport system W through the 
flexible conduit 2 to the main chamber 1 . For this rea- 
son, exposures occurring in the main chamber 1 and 
transportation of a wafer 9 by the transport system W 

35 can be executed simultaneously. An additional advan- 
tage is that this example embodiment does not require 
a vibration-isolation member for the entire transport sys- 
tem W, thereby lowering the overall system cost. 

40 Example Embodiment 4 

An electron-beam projection apparatus according 
to this example embodiment is shown in FIG. 1 1 . This 
example embodiment differs from the first example 

45 embodiment by comprising a controller 24 that 
sequences the opening and closing of switching valves 
7 and 8 based on the timing of wafer alignment and 
exposure occurring in the main chamber 1. Compo- 
nents similar to corresponding components shown in 

so FIG. 1 have the same reference designators and are not 
described further. 

FIG. 1 2 schematically shows exposure components 
inside the main chamber 1. An electron beam EB emit- 
ted from an electron gun 31 is collimated by a con- 

55 denser lens 32, laterally deflected by a subfield- 
selection deflector 33, and guided to a preselected sub- 
field (described below) of a mask 50. After passing 
through the mask 50, the electron beam EB is deflected 
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by a deflector 34 (sufficiently to impinge upon a "transfer 
subfield" on a wafer 9 corresponding to the respective 
mask subfield.) The electron beam is then reduced by a 
specific amount and imaged on the respective transfer 
subfield on the wafer 9 by lenses 35, 36. The mask 50 is 5 
mounted to a mask stage 37 parallel to the xy plane. 
During exposure, the mask stage 37 is moved continu- 
ously in the x-axis direction by a driver 38 and "stepped" 
in the y-axis direction. 

The wafer 9 is mounted to a water stage 12 parallel 10 
to the xy plane. During exposure, the wafer stage 12 is 
moved continuously in the x-axis direction by a driver 40 
and "stepped" in the y-axis direction. Because the 
lenses 35 and 36 reverse the pattern image, the direc- 
tion of continuous movement and of stepping motion of 15 
the wafer stage 12 during exposure are opposite the 
directions of respective motions of the mask stage 37. 
The position within the xy plane of the wafer stage 1 2 is 
detected by a laser interferometer 41 that produces a 
corresponding output to the controller 24. Power sup- 20 
plies 42, 43 provide power for the deflectors 33, 34, 
respectively, and are controlled by the controller 24. 

The relationship between the mask 50 and the 
wafer 9 during exposure is shown in FIG. 1 3. The wafer 
9 normally accommodates multiple "dies" 60 each rep- 25 
resenting a region on which an exposure of the mask 
pattern is made. The pattern area 51 of the mask 50 is 
divided into sections 51a, 51b, 51c longitudinally in the 
direction of continuous motion (x-axis direction) of the 
mask 50. Each of the sections 51 a-51 c is further divided 30 
into smaller areas ("mask subfields") 52. In the same 
way, each of the dies 60 of the wafer 9 is also divided up 
into sections 61a-61c corresponding to the respective 
sections 51a-51c. Each of the sections 61a-61c is fur- 
ther divided into smaller areas ("transfer subfields") 62. 35 

The mask 50 pattern is exposed onto each die 60 of 
the wafer 9 in a single continuous and coordinated 
motion of the mask 50 and the wafer 9. Each mask sub- 
field 52 in the sections 51 a-51 c is sequentially projected 
onto the corresponding transfer subfield in the sections 40 
6la-61c. In FIG. 13, for example, mask subfields in the 
section 51a are projected in sequential order, in the 
negative x direction as indicated by the arrow Bl, while 
the wafer 9 is simultaneously moved continuously in the 
positive x direction as indicated by the arrow C1 . Mean- 45 
while, the electron beam EB is deflected in the y direc- 
tion as indicated by the arrow D and each of the mask 
subfields 52 of the section 51a is scanned in order, in a 
zigzag fashion from the left side to the right side in the 
diagram. When exposure of the area 51a is completed so 
in this way, the mask 50 is stepped in the B2 direction 
(negative y direction) and the wafer 9 is stepped in the 
C2 direction (positive y direction). Next, while continu- 
ously moving the mask 50 in the B3 direction (positive x 
direction) and the wafer 9 in the C3 direction (negative x 55 
direction), the electron beam EB is deflected onto each 
of the mask subfields 52 of the section 51b. After the 
exposure of the section 51b has been completed, the 



mask 50 is moved in the B4 direction (negative y direc- 
tion) and the wafer 9 is stepped in the C4 direction (pos- 
itive y direction). Then, the exposure is performed while 
continuously moving the mask 50 in the B5 direction 
(negative x direction) and the wafer 9 in the C5 direction 
(positive x direction). 

By repeating the series of exposure steps 
described above, the entire pattern of the mask 50 is 
exposed onto each die 60 of the wafer 9. In order to con- 
trol the principal source of vibration in this embodiment, 
the controller 24 controls the opening and closing action 
of the switching valves 7 and 8 (see FIG. 11), so that 
such actions occur between the times when the expo- 
sure of one die 60 has been completed and the expo- 
sure of another die 60 is begun, thereby not affecting 
pattern-exposure accuracy while the mask 50 and the 
wafer 9 are being stepped, in this way, throughout the 
entire exposure process of the wafer 9, exposures are 
made continuously and the switching valves 7 and 8 are 
opened and closed between exposures of successive 
dies so that the effect of vibration on the accuracy of the 
exposure remains minimal. 

In any of the foregoing example embodiments, the 
vacuum pumps 15-17 and the valve 1 8 represent "evac- 
uation devices," and the venting mechanism 19 and the 
leak valve 20 represent "venting devices." 

Example materials for certain of the aforemen- 
tioned components are as follows. The flexible conduit 2 
can be any suitable flexible material, including a metal 
such as copper or stainless steel, a fabric, a composite 
material, or an elastomeric material, and can have any 
suitable configuration such as (but not limited to) a bel- 
lows. The damper 3 may be made of an elastomer such 
as rubber, or any of various other materials having suffi- 
cient vibration-dampening characteristics. The vibra- 
tion-isolation members and the like can be those 
typically used in the semiconductor processing industry. 
The chambers, switching valves, vacuum pumps, and 
transport equipment can be standard components as 
used in the semiconductor processing industry. 

While the present invention has been described in 
connection with preferred embodiments, it will be under- 
stood that the invention is not limited to those embodi- 
ments. On the contrary, the invention is intended to 
cover all alternatives, modifications, and equivalents as 
may be included within the spirit and scope of the inven- 
tion as defined in the appended claims. 

Claims 

1. A charged-particle-beam exposure apparatus, 
comprising: 

(a) a main chamber where exposure of sensi- 
tive substrates is performed using a changed 
particle beam; 

(b) a first transport system for moving the sen- 
sitive substrates from outside the main cham- 
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ber to inside the main chamber for exposure, 
the first transport system comprising a first 
chamber; 

(c) an evacuation device that creates a desired 
vacuum level in the main chamber and in the s 
first chamber; 

(d) the first transport system comprising a vent- 
ing device for venting the pressure in the first 
chamber to atmospheric pressure; 

(e) a first switching valve located between the 10 
main chamber and the first chamber; and 

(f) a flexible conduit connecting the main cham- 
ber to the first chamber. 

2. The charged-particle-beam exposure apparatus of is 
claim 1 , wherein the first chamber is a leak cham- 
ber. 

3. The charged-particle-beam exposure apparatus of 
claim 2, wherein the evacuation device comprises a so 
first vacuum pump connected to the main chamber 
and a second vacuum pump connected to the leak 
chamber. 

4. The charged-particle-beam exposure apparatus of 25 
claim 2, wherein the first transport system further 
comprises: 

a preparation chamber, located between the 
main chamber and the leak chamber, and an 30 
atmospheric chamber located upstream of the 
leak chamber; and 

a second switching valve located between the 
atmospheric chamber and the leak chamber, 
wherein the first switching valve is located 35 
between the leak chamber and the preparation 
chamber. 

5. The charged-particle-beam exposure apparatus of 
claim 1, further comprising independent first and 40 
second vibration-isolation members, the first vibra- 
tion-isolation member mounting the first transport 
system to a machine bed, and the second vibration- 
isolation member mounting the main chamber to 
the machine bed. 45 

6. The charged-particle-beam exposure apparatus of 
claim 1 , wherein the first switching valve is located 
between the flexible conduit and the first chamber. 

50 

7. The charged-particle-beam exposure apparatus of 
claim 1 , further comprising a damper contacting the 
flexible conduit. 

8. The charged-particle-beam exposure apparatus of 55 
claim 7. wherein the damper comprises an elasto- 
meric sheath through which the flexible conduit 
extends. 
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9. The charged-particle-beam exposure apparatus of 
claim 1, further comprising a second transport sys- 
tem for moving the sensitive substrates out of the 
main chamber. 

10. The charged-particle-beam exposure apparatus of 
claim 9, wherein: 

each of the first and second transport systems 
comprises a respective evacuation device and 
a respective leak chamber; and 
the first and second transport systems being 
connected to the main chamber such that each 
of the leak chambers is placed symmetrically 
with respect to the main chamber. 

11. The charged-particle-beam exposure apparatus of 
claim 10, further comprising a controller for control- 
lably actuating evacuation and venting operations 
of each of the leak chambers so that the evacuation 
and venting operations of the leak chambers occur 
simultaneously. 

12. The charged-particle-beam exposure apparatus of 
claim 1 , wherein the main chamber is mounted on a 
vibration-isolation member mounted to a machine 
bed, and each chamber of the first transport system 
is separately mounted on an independent module 
mounted to the machine bed. 

13. The charged-particle-beam exposure apparatus of 
claim 1 , further comprising a mass contacting the 
flexible conduit between the main chamber and the 
first transport system, the mass being independent 
of the main chamber. 

14. The charged-particle-beam exposure apparatus of 
claim 1 , further comprising a vibration attenuator 
placed between the main chamber and the first 
transport system. 

15. A method for increasing throughput of a charged- 
particle-beam exposure apparatus, wherein expo- 
sure of a sensitive substrate by a charged-particle 
beam occurs in a main chamber, and exposure of 
the sensitive substrate occurs by a sequence of 
exposure events including motion periods in which 
the sensitive substate is moving and quiescent peri- 
ods in which the sensitive substrate is not moving, 
the method comprising the steps: 

(a) providing a transport system connected to 
the main chamber, comprising a transport-sys- 
tem chamber and a switching valve that when 
actuated to an open position allows movement 
of a sensitive substrate through the transport 
system and when actuated to a closed position 
blocks movement of the sensitive substrate 
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through the transport system; and 
(b) during exposure of the sensitive substrate, 
corttrollably actuating the switching valve dur- 
ing the quiescent periods, so as to reduce 
vibration being transmitted to the sensitive sub- 
strate during the exposure. 
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Step B1 

Transportation of Wafers 9a, 9b 



Step 82 



Exposure of Wafer 9b 



Step B3 



Transportation of Wafers 9a. 
Venting of Chamber 5 



^ Step B4 

Transportation of Wafers 9a, 9c 



Step C1 



Step B5 



Evacuation of Chamber 5. 
Transportation of Wafer 9c 



Transportation of Wafers 9b, 9c 



FIG. 2 
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Step B1 

Transportation of Wafers 9a, 90 



StepB2 

Exposure of Wafer 9b 



Step B3 J 

Transportation of Wafers 9a, 
Venting of Chamber 5 



Step B4 ± 

| Transportation of Wafers 9a. 9c 

Step B5 I 

Evacuation of Chamber 5, 
Transportation of Wafer 9c 



Step CI 



± 



Transportation of Wafers 9b. 9c 

FIG. 4 (Prior Art) 
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Step D1 

Transportation of Wafers 9a, 9b 



Step D2 



Step D3 



Exposure of Wafer 9b 



Step El 



Evacuation of Chamber 
5A, Transportation of 
Wafers 9c 



Step 04 

Evacuation of Chamber 
5B, Transportation of 
Wafers 9a 



Step DS 




Step D6 , 




Venting dt Chamber 5A, 
Transportation of Wafer 9d 


Venting of Chamber 5B, 
Transportation of Wafer 9a 



Transportation of Wafers 9b, 9c 
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(54) Charged-particle-beam exposure apparatus 

(57) Apparatus and methods are disclosed for 
increasing the throughput of a charged-particle-beam 
exposure apparatus while maintaining alignment and 
exposure accuracy. The apparatus comprises a main 
chamber where exposure of sensitive substrates is per- 
formed using a charged-particle beam. At least one 
transport system moves and prepares the sensitive 
substrates for exposure in the main chamber. The trans- 
port system comprises at least one chamber. An evacu- 
ation device and a venting device are used to vary the 
pressure in the chambers as required. At least one 
switching valve is situated between the main chamber 
and a chamber in the transport system to isolate these 
chambers from one another. A flexible conduit connects 
the main chamber to the transport system. The appara- 
tus and methods have especial utility for the processing 
of sub-micron level semiconductors. 
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